Somalia has faced severe challenges linked to climate variability, which has been exacerbated by conflict and limited governance that persisted for decades. Today climate extremes such as floods, drought, and coastal marine severe systems among others are always associated with the destruction of property and livelihoods; losses of lives lost, migrations, and resource based conflicts among many other miseries. Intergovernmental Panel on Climate Change (IPCC) has shown that climate change is real and requires sound knowledge of local future climate change scenarios. The study attempted to provide projected rainfall and temperature change scenarios over Lower Jubba, Somalia. This was done using the downscaled Coordinated Regional Downscaling Experiment (CORDEX) RCMs data. The simulated temperature and rainfall data derived from the CORDEX RCMs ensemble were compared with the observed data. The study focused on the IPCC projected periods of 2030, 2050 and 2070 benchmarks. Analysis of the projected rainfall indicated a decreasing trend in rainfall leading up to 2030 followed by an increase in rainfall with the 2050 and 2070 scenarios. In the case of temperature, the projections from all the models showed increase in minimum and maximum temperatures in all seasons and sub periods, like being observed by temperature projection over other parts of the world. The 2030, 2050 and 2070 projected rainfall and temperature change scenarios show that Somalia future development and livelihoods will in future face increased threats of climate extremes unless effective climate smart adaptation systems form integral components of national development strategies.
Introduction
Increasing evidence is able to link climate change to major and minor threats to natural systems, threatening environmental, social and economic development [1] [2] . In Sub-Saharan Africa, vulnerability to climate change for local communities is increased because of their dependence on rain fed agriculture [3] [4] [5] [6] . Large populations in Somalia in particular have experienced severer impacts due to water stress as their livelihoods are dependent on access to water and pasture [7] [8] . 94% of nomadic populations in Somalia are reportedly living in poverty. Somalia's long coastal line provides fishing livelihood systems threatened by unique marine systems that include Somalia ocean currents systems, tropical cyclones and before tropical cyclones.
Somalia has seen an increase in frequency and intensity of floods and droughts with severe droughts in 2007/2008, 2011/2012, 2015/16/17 [9] . Climate induced displacement in Somalia continues to increase with UN listing the number of internally displaced persons due to drought between November 2016 and October 2017 at 943,000 [10] . Sendai Framework for Disaster Risk Reduction (2015) (2016) (2017) (2018) (2019) (2020) (2021) (2022) (2023) (2024) (2025) (2026) (2027) (2028) (2029) (2030) recognized the difficulty in achieving sustainable development without the development of climate smart systems. Climate change impacts are projected to slow down economic growth, making poverty reduction even more difficult, while prolonging existing poverty traps [2] .
Climate change risks undermine the sustainability of basic livelihoods, threatening food security, health among other socio-economic impacts. Without proper adaptation measures, the projected increase in frequency and severity of weather and climate extremes will undermine the safety of ecosystems and health [11] [12] [13] [14] [15] . The need to strengthen Somalia's capacity to deal with disasters, such as the protracted droughts and floods that it continues to face, is critical [16] .
The study attempted to provide projected rainfall and temperature change scenarios for Lower Jubba region, Somalia. This was done using the downscaled Coordinated Regional Downscaling Experiment (CORDEX) RCMs data. The annual rainfall and temperature cycles simulated by an ensemble of CORDEX RCMs were compared with the observed data. The analysis focused on the Gu long rain season, which had the best agreement in comparison to the observed rainfall data. Projections for temperature were done for all the standard global climatological seasons namely northern hemisphere summer, winter, autumn and spring seasons that correspond to June to August, December to February, September to November, March to May months. The projections of the future Gu long rain season characteristics was done using the IPCC projected periods of 2030, 2050 and 2070 benchmarks. Lower Jubba is located in the Jubaland state of Somalia [17] [18] . Jubaland consists of the Gedo, Lower Jubba and Middle Jubba regions, and lies 40 -60 km east of the Jubba River, stretching from Gedo to the Indian Ocean. The state of Jubaland borders the Garrisa, Wajir and Mandera County of Kenya on the western side. Kismayo, located in Lower Jubba, is the largest city in Jubaland, and the third largest city in Somalia after Mogadishu and Hargesa [19] .
Lower Jubba receives about 350 mm rainfall during Gu (AMJ) season and an average of 250 mm Deyr (SON) season. Lower Jubba saw a general decreasing trend in rainfall during the Gu rainfall season, and a general increasing trend in the Deyr rainfall between 1981 to 2015 [20] . The Lower Jubba region has also experienced an increase in occurrence of depressed rainfall usually associated with drought, and a decrease in the frequency of above normal rainfall associated with floods [20] . Studies on the GHA show a decrease of MAM long rains and increase in the OND short rains [21] [22] [23] .
Lower Jubba has seen increasing trends in the minimum, maximum and average temperature [20] , consistent with the results from many recent studies worldwide [2] [24] [25] . Increase in temperature could also change the ecology of infectious diseases as well as increase temperature related mortality and morbidity of people and livestock [2] [26] [27] . Climate Change projections for Somalia will be used to derive information regarding the potential increase of the threats of climate extremes on future development and livelihoods. It will also enable the development of effective climate smart adaptation strategies. Details of area of study, data used and methodologies adopted are highlighted in the following sections.
Study Area, and Data Used
Gridded CHIRPS and GeoCLIM observations for the period 1960-90 were used as the baseline observations data. CHIRPS is a global dataset (50˚S -50˚N, 180˚E -180˚W), 0.05˚ resolution, 1981 to near-present gridded precipitation time series. CHIRPS data are produced by scientists at the University of California, Santa Barbara (UCSB) Climate Hazard Group (CHG) and the U.S. Geological Survey (USGS) Earth Resources Observation and Science (EROS) Center. [36] .
These climate models describe the coupling of the atmosphere with the land surface, with differing dynamics and physics formulations [31] [37] . For each experiment the historical runs, forced by observed natural and anthropogenic atmospheric composition, cover the period from 1950-2005. The future projections (2006-2100) are forced with two Representative Concentration Pathways (RCP), namely; RCP4.5 (mid-range emissions) and RCP8.5 (high-end emissions) scenarios, which prescribe future atmospheric greenhouse gas concentrations and aerosols. Detail on the CORDEX RCMs can be found in Endris [32] and Nikulin [33] .
Endris [32] evaluated the ability of the CORDEX RCMs in simulating the general characteristics of the climate over Eastern Africa region by analyzing the annual cycle, spatial variability, pattern correlation and root mean square error using a Taylor diagram. The study found that these RCMs reasonably simulate the main features of the rainfall climatology over eastern Africa and also reproduce the majority of the documented regional responses to ENSO and IOD forcings. At the same time the analysis showed significant biases in individual models depending on sub-region and season; however, the ensemble mean had better agreement with observation than individual models. The analysis concluded that the multi-model ensemble mean simulates eastern Africa rainfall adequately and could therefore be used for the assessment of future climate projections for the region. The CORDEX RCMs data was obtained from IGAD Climate Prediction and Application Centre (ICPAC) which is the WMO regional climate center for the Greater Horn of Africa.
In this study the region of interest was Lower Jubba that is bounded by latitudes 1.5˚S -12.0˚N and longitudes 41.0˚E -51.0˚E. There IPCC based climate projection reference period were used namely 2030 (sub-period 1), sub-period up to 2050 (sub-period 2), and sub-period up to 2070 (sub-period 3).
Methodology Adopted in the Study
The study was divided into two major sections namely assessment of Model Skill in Simulating Observed Climate during the period , and the projection of future rainfall and temperature scenarios. Standard methods were adopted to determine the best climate model/s that could be used for the projection of future climate change scenarios for Lower Jubba region of Somalia for the two standard rainfall seasons Gu (April to June) and Deyr (September to November). The temperature simulations were for all standard seasons of the year in Somalia namely December-February (DJF), March-May (MAM), July-August (JJA), and September-November (SON).
Standard methods were also adopted to test the spatial and temporal bias of For non-normal data the study included nonparametric tests namely the Mann-Kendall rank statistics method was used. In the Mann-Kendall analysis data is ranked after being placed in time sequential order. The time series values (X1, X2, X3, X4 …, Xn) where X in this case represents rainfall are replaced by their relative ranks (R1, R2, R3, R4 …, Rn) (starting from the lowest value up to n). The relative magnitudes of sample data is compared rather than the data values themselves [41] [42] [43] . The equation used is as follows, where S is the Kendall score given a dataset R with a sample size of n values. The Kendall statistics s is given in Equation (2) below based on Kendall, 1938; 1945; 1948 ( )
The observed trend is significant if s values in Equation (2) 
Results and Discussion
The results from model verification and climate change projections with CORDEX RCA4.5 models are independently highlighted in the following sections.
Model Verification of the CORDEX (RCMs)
The 
Results from Future Projections for Rainfall and Temperature
The results for future projections of rainfall and temperature with the CORDEX RCMs are given below for IPCC sub periods of 2030, 2050 and 2070.
Rainfall Projections
The simulations of rainfall concentrated on the Gu (April-June) season, where most models showed more realistic simulations of rainfall. The geographical distribution exhibits notable spatial variability in rainfall over Lower Jubba.
Badhaadhe district towards the southern coast exhibits the highest amount of rainfall as seen in Table 1 . The southern costal region shows the highest projected amount of rainfall in Lower Jubba throughout all three sub-periods as was seen with the historical data published [20] . This is also supported by IPCC studies that project an increase in MAM rainfall in 2050-2100 in most parts of Eastern Africa [2] . North eastern Kenya bordering Lower Jubba is projected to receive an increase in rainfall of 40% relative to the baseline period (1981-2010) by 2100 during its long rain season [46] . Table 1 shows the range of seasonal precipitation from the projected ensemble data for and precipitation are projected to increase globally by 2100 [1] [2] . The use of climate change knowledge, particularly when mainstreamed into planned policies and poverty reduction strategies can provide a starting point for the identification of climate risks at a district, regional and national level.
The projected rainfall further shows dominant dry and wet phases of the Gu season in the future (Figure 4) , which calls for sustained investment in early warning mechanisms, and water management systems. The spatial representation of the projected rainfall trends showed no homogenous patterns throughout the three study sub periods. While some areas in Lower Jubba are projected to have general decrease in rainfall during the long rain season, other areas were projected to have a general increase in rainfall ( Table 2 ). General increasing trend was however seen throughout Lower Jubba, with different magnitude of the changes.
Details of the pattern in the trend in each district can be seen in Table 2 . Although the projected rainfall trends were still not statistically significant, the complexity of the observed characteristics of the changes continues to call for further studies and tailored mitigation and adaptation strategies over the region of study. The projected recurrence of depressed rainfall for the near future is significant for a country that is already highly vulnerable with high poverty levels across multiple dimensions [49] . Somalia is already experiencing food insecurity, the implication of a further risk to food and water security could pause a threat on security in a struggle for available resources. [2] [47] .
The magnitude of the extreme above and below average rainfall for the projected future is not the same as seen in Figure 4 . Similar results in the bordering regions in Kenya, project an increase in intensity of rainfall, and extreme rainfall events [46] . that projected change in temperature will vary from season to season and district to district. Like the observed GISTEMP data [20] , the average temperature seems to increase towards the southern costal band in all seasons, possibly due to influence by Indian Ocean [50] . The ensemble models however seemed to overestimate the temperature in JJA which according to the observed data [20] should register the lowest temperature.
Temperature Projections
Results from the temperature time series (Figure 6 ) show an increasing tem- 95% confidence level. Changes in temperature and humidity are reportedly linked to increased vector borne diseases and helminthes infections [52] . This will also have far reaching implications on many socio-economic sectors. The impact of an increasing temperature would be far reaching for most socio-economic sectors including community safety, water, food, energy, infra- 
Conclusions
Projected The study further provides some important knowledge on rainfall variability and change over the Lower Jubba region that would contribute to the 6th IPCC assessment report on the state of regional climate change over Africa. The knowledge on the past, present and future rainfall patterns derived from this study is important in the development of any effective disaster risk reduction and climate change strategies of Somalia in supporting sustainable development goals, implementation of the Paris UNFCCC, Sendai disaster risk reduction, among other global, regional, national and community based resilience building frameworks.
